Abstract-This paper investigates the interdigitated electrode design for impedance spectroscopy technique targeting lard detection purposes. Two types of interdigitated electrode were designed and evaluated on high precision impedance converter board subjected to frequency range of 5kHz to 100 kHz. Samples of lard and beef tallow were extracted and mixed with hexane solvent for different concentration levels. Analysis of variance (ANOVA) was applied to the experimental data for statistical data analysis. Experimental results indicate that the impedance value is not a strong function of concentration levels but a function of frequencies. ANOVA results have confirmed that IDE Type-B that has larger electrode area has higher sensing sensitivity over Type-A. Principal Component Analysis (PCA) was used as a statistical multivariate modeling. PCA analysis results showed that the IDE Type B could group animal fats into two distinct groups using both parameters of frequencies and concentrations.
I INTRODUCTION
By the definition in Oxford dictionaries, the word lard means the fat from the abdomen of a pig that is rendered and clarified for use in cooking [1] . Lard is one of the cheapest edible oils; consequently, lard is deliberately added into the food products to reduce the production cost [2] . From the Islam and Judaism religious point of view, the presence of lard in any food products is not allowed. For this reason, several analytical methods either physical or chemical based-methods have been developed to identify lard in food products [3] .
In the recent research, lard detection technique includes the labeling and non-labeling based techniques. Polymerase Chain Reaction (PCR) [4] is categorized under labeling-based technique while Electronic nose (E-Nose) [5] , Fourier Transform Infrared (FTIR) spectroscopy [6] and Gas Chromatography (GC) technique [19] - [21] are the non-labeling based.
In the area of electrical-based properties spectroscopy technique, different types of instruments were proposed mostly for the field of agriculture [7] , [17] . There is also electricalbased properties spectroscopy technique that is proposed specifically for Halal authentication in food industry [8] , [18] .
Common sensor in these field is the parallel plates has been widely used in detecting moisture content in peanut oil, measurement of concentration of ethyl alcohol and lard detection [8] - [10] based on capacitance and conductance values. In [11] , the system operates on sensing impedance for biology related application however using complex probe design consisted of a linear array of four metallic needle electrodes that were placed at a constant inter-electrode separation distance. Interdigitated electrode (IDE) is another common type of sensors and has been studied in cancer cell detection and other biology related application [11] - [13] .
In this paper, the design for interdigitated electrode for impedance spectroscopy technique is explored. The target application of this system is to detect lard from other type of animal fats based oil. Impedance properties of animal fat based oil are characterized and ANOVA and PCA technique is applied to analyze the sensing sensitivity of the designed electrode.
The paper is organized as follows. Section 2 describes the experimental methodology of this research including sample preparation, electrode design, impedance measurement and statistical analysis technique. Results are discussed in Section 3 and finally conclusion is presented in Section 4.
II MATERIALS AND METHODS

A. Sample Preparation
The samples that were tested consist of animal fat based oil samples of lard and beef tallow. Beef tallow has been used extensively by previous researches and great number of cases of substitution of beef tallow with lard [3] .
Both lard and beef tallow has been extracted from the adipose tissues of pigs and beef fats respectively which were obtained from several local markets in Seri Kembangan, Selangor. The extraction process was done in Halal Product Research Institute (HPRI) UPM following the method proposed in [8] . The tissues or fats are cut into small pieces before mixing and melting them in the oven at 90-100ºC for 2 hours [12] . Then, the melted fat were strained through triplefolded muslin cloth before being dried by adding the anhydrous Na2SO4 and centrifuged at 3000 rpm for 20 minutes. To remove trace of water, the fat layer was shaken well and centrifuged again before being filtered through filter paper containing sodium sulfate anhydrous [12] . The filtered ` samples were directly subject to analysis or kept in tightly closed container under a nitrogen blanket.
Both lard and beef tallow are then mixed with hexane solvent at 6 different mixture ratio of hexane to oil namely 99. 9 
B. Electrode Design
Interdigitated electrode (IDE) was chosen as the electrode type for this study due to inexpensive and simple to be fabricated as compared to parallel plate, needle shape with planar electrode and other complicated electrode types [10] . Fig. 1 illustrates the parameters and dimensions for the IDE in this study.
Parameters for IDE include width, spacing and number of teeth denotes by w, s and n. In this study, the IDE is targeted to be submerged in the sample contained in a 10ml lab beaker. Thus, the electrode is constrained to an area of 200mm 2 that leads to length, l e and width, w e of the electrode to 20mm and 10mm respectively. Total of 5mm in length must be reserved for the connection to support circuitry.
Two electrodes have been fabricated at the on printed circuit board (PCB) with copper as electrode material. The parameters and dimensions for both electrodes are described in Table I . Note that the electrode area is which is defined as area of electrode which is submerged in the sample and associated with sensing area is given by (1) . 
C. Impedance Measurement
Impedance measurement of lard and beef tallow were measured using high precision impedance converter system AD5933 from Analog Devices which is connected to the designed interdigitated electrode as shown in Fig. 2 .
The measurement was obtained at seven discrete frequencies that were 5kHz, 10.7kHz, 29.7kHz, 48.7kHz, 67.7kHz, 86.7kHz and 100 kHz as the device only supports frequency range of 5 kHz up to 100 kHz.
The measurements of samples were carried out in room temperature directly after the system calibration using 100kΩ resistor. 10 ml of each sample to be measured was poured into a clean 10 ml beaker. The electrode was then fully submerged into the sample. Air bubbles must be ensured to not appear before the measurement was made. The result of the measurement was recorded at all frequencies for each varying concentrations. The result of the measurement is saved after three measurements. The third measurement was taken for data analysis. The experiment is continued with different concentration of samples that were selected randomly to avoid biasing.
For every repetition of samples, the electrode was made sure to be cleaned before being submerged into the samples. This is crucial to avoid the presence of traces from the previous samples. The experiment is to be repeated for all concentrations and the liquid dielectric test fixture is to be cleaned every time after each measurement is taken. After all six different concentrations of samples are measured; the experiment is continued for second and third repetition by repeating all the steps above. For every sample that involved with lard, the appliances and equipment were cleaned based on the Islamic requirements at the end of the experiment. Fig. 2 illustrates the experimental setup for the impedance measurement on the sample.
D. Statistical Analysis Method
For analyzing the experimental data, Analysis of Variance (ANOVA) two-factors with replication was used to study the significance difference of lard and beef tallow for each designed electrode. ANOVA carries out hypothesis testing which formally examine the two opposing conjectures namely H0 and H1. These two hypotheses are mutually exclusive and exhaustive such that one is true to the exclusion of the other. The null hypothesis, H0 states that the means of the groups of sample are equal and indicate that the groups of sample are from the same population. The alternative hypothesis, H1 states that the means of the groups of sample are not equal and indicate that the groups of sample are from different population. In addition, ANOVA is used to assess the ` experimental factors that are the sample concentration level and frequencies on the measured impedance values. For grouping and classification models, the impedance data is processed using multivariate data analysis technique, PCA. PCA is an unsupervised pattern recognition technique used in multivariate analysis. PCA projects the original data in reduced dimensions which is defined by the principal components (PCs). This technique is useful when there are correlations present among the data [15] . PCA has been well-known for its capability to identify patterns in data and express the data in such a way as to emphasize their similarities and differences [16] . Fig. 3 shows the measurement of impedance values at different sample concentration level, measured at various frequencies for beef tallow. IDE Type-A and Type-B electrode is shown in Fig. 3 (a) and 3 (b) respectively.
III. RESULTS AND DISCUSSIONS
A. Impedance Measurement on Beef Tallow
Experimental results indicate that the impedance value is not a strong function of sample's concentration level. In general, the impedance value does not differ a lot as the concentration level varies. It is also apparent that for both electrodes, the impedance value is higher at lower frequencies especially at 5kHz and 10.7kHz as compared to the higher frequencies. Fig. 4 shows the measurement of impedance values at different frequency for different sample's concentration level for beef tallow. IDE Type-A and Type-B electrode is shown in Fig. 4 (a) and 4 (b) respectively.
Experimental results indicate that the impedance value is a function of frequency for both electrodes. The impedance value decreases as the frequency increases and this supports the findings observed in Fig. 3 . Fig. 5 shows the measurement of impedance values at different sample concentration level, measured at various frequencies for lard. IDE Type-A and Type-B electrode is shown in Fig. 5 (a) and 5 (b) respectively.
B. Impedance Measurement on Lard
Experimental results indicate that the impedance value is not a strong function of sample's concentration level. In general, the impedance value does not differ a lot as the concentration level varies in which similar finding is observed for beef tallow. It is also apparent that for both electrodes, the impedance value is higher at lower frequencies especially at 5kHz and 10.7kHz. Fig. 6 shows the measurement of impedance values at different frequency for different sample's concentration level for lard. IDE Type-A and Type-B electrode is shown in Fig. 6 (a) and 6 (b) respectively. Experimental results indicate that the impedance value is a function of frequency for both electrodes, similar trend found on beef tallow sample. The impedance value decreases as the frequency increases in which supports the findings observed in Fig. 5 . 
C. Statistical Analysis using (ANOVA) and PCA
ANOVA analysis is implemented in order to analyze variance between groups of samples. Hypotheses are then computed from the parameters obtained when conducting the ANOVA method. The parameters include the P-value, α, F and F-critical for which two hypothesis testing are conducted in order to select either H0 or H1 hypotheses as shown in Table II. In the first hypothesis testing, the probability value, Pvalue computed from the experimental data is compared to the level of significance, α. Standard level of significance of 0.05 is used in this research. Hypothesis H0 is accepted if P-value is less or equal α, otherwise H1 is accepted as shown in (2).
In the second hypothesis testing, the statistic parameter F computed from the experimental data is compared to the Fcritical. Hypothesis H0 is accepted if F is less than F-critical, otherwise H1 is accepted as shown in equation (3). Tables 3 and 4 shows the comparison of ANOVA computed parameters of P-value, F and F-critical analyzed at each frequency and concentration level respectively for IDE Type-A and Type-B.
In Table III , the P-value for groups of sample of IDE Type-A is more than α of 0.05 while Type-B is less then α of 0.05 for all given frequencies. Thus, the hypothesis of H0 is selected for IDE Type-A indicating that there is no significance difference between the groups of sample with respect to the impedance value. On the other hand, hypothesis H1 is selected for IDE Type-B indicating that there is significance difference between groups of sample. The result strongly suggests lard sample can be distinguished over beef tallow for IDE Type-B while Type-A could not. The higher sensing sensitivity of Type-B electrode may be contributed by the larger electrode area in comparison to Type-A electrode. The second hypothesis testing also support these findings where F is more than F-critical for IDE Type-B comparing to Type-A for all given frequencies.
In Table IV , the P-value of IDE Type-A and Type-B for groups of sample is more than and less then α of 0.05 respectively. Thus, the hypothesis of H0 is selected for IDE Type-A indicating that there is no significance difference between the groups of sample with respect to the impedance value. On the other hand, hypothesis H1 is selected for IDE Type-B indicating that there is significance difference between groups of sample for all concentration levels. The result strongly suggests lard sample can be distinguished over beef tallow for IDE Type-B while Type-A could not. The second hypothesis testing also support these findings where F is more than F-critical for IDE Type-B comparing to Type-A for all given concentration levels. Figure 7 demonstrates the score plot of PCA for lard and beef describing the projection of samples defined by the first (F1) and second (F2) components. F1 accounts for the most variation in impedance values, while F2 accounts for the next largest variation. F1 accounted for 93.33% of the variation, while F2 contributed 4.15% of the variation, making up of 97.48% of variance for F1 and F2. Based on the score plot, it is known that lard can be separated from beef in which lard sample group was well-separated along the positive side of F1 and could be distinguished clearly from beef sample group.
IV. CONCLUSION
This study investigates the interdigitated electrode design for impedance spectroscopy technique. Impedance values of lard and beef tallow area characterized and statistical analysis ANOVA and PCA technique was applied to distinguish the sensing sensitivity of each electrodes. Experimental results indicate that the impedance value is not a strong function of concentration levels but a function of frequencies. ANOVA results have shown that IDE Type-B has higher sensing sensitivity over Type-A that may be contributed by the larger electrode area of Type-B. PCA classification plots showed distinct separation of different animal fats. The use of IDE for Impedance Spectroscopy can easily group and identifies the fat samples in different clusters.
